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(57) Abstract: The present invention relates 
to novel anhydrous amorphous forms of 
[R-(E)4-[[[I-[3-[2-[7-chloro-2-quinolinyl] 
ethenyl] phenyl] -3-[2-(l-hydroxy-l-methylethyl) 
(0 phenyl] propyl] thio] methyl] cyclopropaneacetic 
acid alkali salts (Montelukast alkali salts) to 
processes for their preparation, to compositions 
containing them and to methods of treatment using 
the same. Montelukast is a leukotriene antagonist, 
is useful as anti-asthmatic, anti -allergic, 
and -inflammatory and cytoprotective agent. Montelukast is represented by the formula (I). 
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NOVEL ANHYDROUS AMORPHOUS FORMS OF MONTELUKAST SODIUM 

SALT 

The present invention relates to novel anhydrous amorphous forms of [R- 
5 (E)-l-[[[l-[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) 
phenyl] propyl] thio] methyl] cyclopropaneacetic acid alkali salts (Montelukast alkali salts) 
to processes for their preparation, to compositions containing them and to methods of 
treatment using the same. 

Montelukast Sodium, chemically known as [R- (E)-l-[[[l-[3-[2~[7-chloro-2- 
10 quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid (Montelukast) sodium salt is represented by the formula: 



\XH 2 COONa 




Montelukast sodium, a leukotriene antagonist, is useful as anti-asthmatic, anti- 
15 allergic, anti-inflammatory and cytoprotective agent and is hence useful in the treatment of 
angina, cerebral spasm, glomerular nephritis, hepatitis, endotoxemia, uveitis, and allograft 
rejection. 

EP 480717 discloses certain substituted quinoline compounds including [R- 
(E)-l-[[[l-[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) 

20 phenyl] propyl] thio] methyl] cyclopropaneacetic acid sodium salt (Montelukast sodium), 
and methods for their preparation. 

The reported synthesis of Montelukast Sodium proceeds through 
corresponding methyl ester and involves coupling methyl l-(mercaptomethyl) cyclopropane- 
acetate with a mesylate generated in situ. The methyl ester of Montelukast free acid is 

25 hydrolyzed to the free acid and the latter converted directly to the corresponding sodium salt. 
This process is not particularly suitable for large-scale production because it requires tedious 
chromatographic purification of the methyl ester intermediate and/or the final product, and 
the product yields are low. 
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WO Patent Application 95/18107 discloses an improved process for the 
preparation of crystalline Montelukast sodium salt, which comprises the generation of 
dilithium dianion of l-(mercaptomethyl) cyclopropaneacetic acid followed by condensation 
with 2-(2-(3(S)-(3-(2-(7-chloro-2-quinolinyl) ethenyl) phenyl)-3-methanesulfonyloxypropyl) 
5 phenyl)-2-propanol to afford the Montelukast acid which is then converted, via dicyclohexyl 
amine salt, to its corresponding sodium salt. The obtained sodium salt is further crystallized 
from a mixture of toluene: acetonitrile to obtain crystalline Montelukast sodium. 

The PCT application further designates the products obtained as per 
EP 480717 as amorphous sodium salts, which are hydrated and often not ideal for 
10 pharmaceutical formulation. 

It has been disclosed earlier that the amorphous forms in a number of drugs 
exhibit different dissolution characteristics and in some cases different bioavailability 
patterns compared to crystalline forms [Konne T., Chem pharm Bull., 38, 2003(1990)]. For 
some therapeutic indications one bioavailability pattern may be favoured over another. An 
1 5 amorphous form of Cefuroxime axetil is a good example for exhibiting higher bioavailability 
than the crystalline form. 

Since Montelukast sodium is useful as anti-asthmatic, anti-allergic, anti- 
inflammatory and cytoprotective agent and amorphous forms of a number of drugs have been 
disclosed to exhibit different dissolution characteristics and in some cases different 
20 bioavailability patterns when compared to crystalline forms, the present invention, hence, 
aims to provide novel anhydrous amorphous forms of [R- (E)-l-[[[l-[3-[2-[7-chloro-2- 
quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid alkali salts and to processes for the preparation thereof. 

The present invention also provides pharmaceutical compositions and 
25 pharmaceutical methods of treatment using novel anhydrous amorphous forms of [R- (E)-l- 
[[[l-[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] 
propyl] thio] methyl] cyclopropaneacetic acid alkali salts. 

Another embodiment of the present invention is to provide methods for the 
preparation of the anhydrous amorphous forms of [R- (E)-l-[[[l-[3-[2-[7-chloro-2- 
30 quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid alkali salts (Montelukast alkali salts) which comprises dissolution of 
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Montelukast free acid in aromatic hydrocarbon solvent or halogenated solvent and converting 
the free acid to its alkali salt, accompanied by addition of a cyclic or acyclic hydrocarbon 
solvent or mixtures thereof, followed by isolation of the desired compound. 

Still another embodiment of the present invention is to provide pharmaceutical 
5 formulations containing an anhydrous amorphous form of [R- (E)-l-[[[l-[3-[2-[7-chloro-2- 
quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid alkali salt. 

An additional embodiment of the present invention is to provide 
pharmaceutical methods of treatment using anhydrous amorphous forms of [R- (E)-l-[[[l-[3- 
10 [2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] 
thio] methyl] cyclopropaneacetic acid alkali salts. 

Brief Description Of The Accompanying Drawing 
Fig. 1 is X-ray powder diffractogram of novel anhydrous amorphous form of 
Montelukast Sodium. 

15 The present invention provides novel anhydrous amorphous forms of [R- (E)- 

l-[[[l-[3-[2-[7^Woro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) 
phenyl] propyl] thio] methyl] cyclopropaneacetic acid alkali salts, preferably, anhydrous 
amorphous form of [R- (E)-l-[[[l-[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l- 
hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] cyclopropaneacetic acid sodium salt. 

20 The present invention also provides a process for preparation of anhydrous 

amorphous forms of Montelukast alkali metal salts. The anhydrous amorphous forms of 
Montelukast alkali metal salts are prepared by dissolving the free acid of Montelukast in Ci- 
C 2 halogenated solvent or in C 7 -C 8 aromatic hydrocarbon. The solution of free acid of 
Montelukast is converted into alkali salt by use of alkaline metal hydroxide or an alkaline 

25 metal alkoxide in the presence of C1-C4 straight or branched chain alcohol or by use of 
alcoholic alkaline metal hydroxide or an alcoholic metal alkoxide. 

One process for preparing amorphous forms of Montelukast alkali metal salts 

comprises: 

i) dissolving the free acid of Montelukast in Ci-C 2 halogenated solvent 
30 or in C7-C8 aromatic hydrocarbon solvent; 
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ii) converting the dissolved acid of step i) to corresponding alkali salt 
using an alkaline metal hydroxide or an alkaline metal alkoxide in the presence of C1-C4 
straight or branched chain alcohol, followed by; 

iii) optionally dissolving the reaction mass of step ii) in d -C 2 halogenated 
solvent or in C7-C8 aromatic hydrocarbon solvent; and 

iv) isolating amorphous form of Montelukast alkali salt by adding a C5- 
C7 acyclic or C 5 -Cg cyclic hydrocarbon. 

According, to another embodiment, the present invention provides a process 
for preparation of amorphous forms of Montelukast alkali metal salts, which comprises: 

i) dissolving the free acid of Montelukast in C1-C2 halogenated solvent 
or in C7-C8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding alkali salt 
using an alcoholic alkaline metal hydroxide or alcoholic alkaline metal alkoxide, followed 
by; 

iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
solvent or in C 7 -Cg aromatic hydrocarbon solvent; and 

iv) isolating amorphous form of Montelukast alkali salt by adding a C 5 - 
C 7 acyclic or Cs-Cg cyclic hydrocarbon. 

The alkaline metal may be selected from calcium, sodium, potassium, or 
magnesium. Preferably, the alkaline metal is sodium. 

According, to another embodiment, the present invention provides a process 
for preparation of novel anhydrous amorphous form of Montelukast Sodium, which 
comprises: 

i) dissolving the free acid of Montelukast sodium in C1-C2 halogenated 
solvent or in CyCg aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding sodium salt 
using sodium hydroxide or sodium alkoxide in presence of C r C 4 straight or branched chain 

alcohol, followed by; 

iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 

solvent or in C 7 -C 8 aromatic hydrocarbon solvent, and 
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iv) isolating anhydrous amorphous form of Montelukast alkali salt 
sodium by adding a C5-C7 acyclic or C 5 -C 8 cyclic hydrocarbon. 

According, to another embodiment, the present invention provides a process 
for preparation of novel anhydrous amorphous form of Montelukast Sodium, which 
comprises: 

i) dissolving the free acid of Montelukast sodium in C1-C2 halogenated 
solvent or in C7-C8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding sodium salt 
using alcoholic sodium hydroxide or alcoholic sodium alkoxide in presence of C1-C4 straight 
or branched chain alcohol, followed by, 

iii) optionally dissolving the reaction mass of step ii) in Ci -C 2 halogenated 
solvent or in C7-C8 aromatic hydrocarbon solvent, and 

iv) isolating anhydrous amorphous form of Montelukast alkali salt 
sodium by adding a C5-C7 acyclic or C 5 -C 8 cyclic hydrocarbon. 

In a preferred embodiment of the invention, the ratio of Montelukast free acid 
to C1-C2 halogenated solvent or C 7 -C 8 aromatic hydrocarbon solvent in step i) is 1:1.5 to 1:6 
w/v. 

In a preferred embodiment of the invention, the ratio of Montelukast acid to 
C1-C4 straight or branched chain alcohol is 1 :2-3 w/v. 

In a preferred embodiment of the invention, the molar ratio of Montelukast 
acid to alkali metal hydroxide or alkaline metal alkoxide is 1:0.98 - 1.02, preferably, 1:1. In a 
preferred embodiment of the invention, the ratio of Montelukast acid to alcoholic alkaline 
metal hydroxide or alcoholic alkaline metal alkoxide is 1 :2-4 w/v wherein the ratio of 
Montelukast acid to alkaline metal in alcoholic alkaline metal hydroxide or alcoholic alkaline 
metal alkoxide is 1 :0.98 - 1 .02 w/v. In step iii), the ratio of the reaction mass to the solvent 

is 1:1.2 to 1:4 w/v. 

In precipitation of Montelukast alkali salt in step iv) the ratio of C1-C2 
halogenated solvent or C 7 -C 8 aromatic solvent to the C5-C7 acyclic or C5-Q5 cyclic 
hydrocarbon is 1:5 to 1:13 v/v. The preferred ratio is 1 :6.5 v/v. This ratio is based on the 
amount of the C1-C2 halogenated solvent or C 7 -C 8 solvent added in step iii). 
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The C1-C2 halogenated solvent may be selected from chloroform, 
dichloromethane or dichloroethane, preferably dichloromethane. The C 7 -C 8 aromatic 
hydrocarbon solvent may be selected from toluene, ethyl benzene or xylene, preferably 
toluene. 

5 The alkali used in step ii) may be selected from sodium hydroxide, sodium 

methoxide, sodium ethoxide, methanolic sodium hydroxide, ethanolic sodium hydroxide, 
methanolic sodium methoxide, ethanolic sodium methoxide, methanolic sodium ethoxide, 
ethanolic sodium ethoxide, calcium hydroxide, calcium methoxide, calcium ethoxide, 
methanolic calcium hydroxide, ethanolic calcium hydroxide, methanolic calcium methoxide, 

1 0 ethanolic calcium methoxide, methanolic calcium ethoxide, ethanolic calcium ethoxide, 
potassium hydroxide, potassium methoxide, potassium ethoxide, methanolic potassium 
hydroxide, ethanolic potassium hydroxide, methanolic potassium methoxide, ethanolic 
potassium methoxide, methanolic potassium ethoxide, ethanolic potassium ethoxide, 
magnesium hydroxide, magnesium methoxide, magnesium ethoxide, methanolic magnesium 

1 5 hydroxide, ethanolic magnesium hydroxide, methanolic magnesium methoxide, ethanolic 
magnesium methoxide, methanolic magnesium ethoxide, ethanolic magnesium ethoxide, 
preferably the alkali is sodium hydroxide. 

The C1-C4 straight or branched chain alcohol may be selected from methanol, 
ethanol, propanol, butanol, 2-propanol or tertiary .butanol, preferably methanol. The C5-C7 

20 acyclic solvent may be selected from pentane, hexane, n-hexane, n-heptane or n-octane, 

preferably hexane or n-heptane. The C 5 -C 8 cyclic hydrocarbon solvent may be selected from 
cyclopentane, cyclohexane or cycloheptane, preferably cyclohexane. 

Novel anhydrous amorphous forms of Montelukast alkali salts maybe 
characterized by the X-Ray powder diffraction pattern. The present invention provides 

25 anhydrous amorphous form of Montelukast Sodium that is characterized by its X Ray 

powder diffraction, substantially in accordance with Figure 1 . The X-Ray diffraction pattern 
of anhydrous amorphous form of Montelukast Sodium was measured on a Rigaku Dmax 
2000 with Cu K alpha-1 ISOKV/34mA, Degrees scanned: 3-45 degrees. Scan speed 3 
degree/min. 

30 The compounds of this invention can be used to prevent the synthesis, the 

action or the release of SRS-A or leukotrienes. 
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The ability of the compounds of the present invention to antagonize the 
actions of the leukotrienes malces them useful for preventing or reversing the symptoms 
induced by the leukotrienes in a mammal including a human subject. This antagonism of the 
actions of leukotrienes indicates that the compounds of this invention and pharmaceutical 

5 compositions thereof are useful to treat, prevent, or ameliorate in mammals and especially in 
humans: 1) pulmonary disorders including diseases such as asthma, chronic bronchitis, and 
related obstructive airway diseases, 2) allergies and allergic reactions such as allergic rhinitis, 
contact, allergic conjunctivitis, and the like, 3) inflammation such as arthritis or 
inflammatory bowel disease, 4) pain, 5) skin disorders such as psoriasis, atopic eczema, and 

10 the like, 6) conditions related to cardiovascular disorders such as angina, myocardial 

ischemia, hypertension, platelet aggregation and the like, 7) renal insufficiency arising from 
ischaemia induced by immunological or chemical (cyclosporin) etiology, 8) migraine or 
cluster headache, 9) ocular conditions including inflammatory diseases such as uveitis, 10) 
hepatitis resulting from chemical, immunological or infectious stimuli, 1 1) trauma or shock 

15 states such as burn injuries, endotoxemia and the like, 12) allograft rejection, 13) prevention 
of side effects associated with therapeutic administration of cytokines such as interleukin II 
and tumor necrosis factor, 14) chronic lung diseases such as cystic fibrosis, bronchitis and 
other small and large-airway diseases, 15) cholecystitis and 16) glomerular nephritis. 

The compounds of the present invention may also be used to treat or prevent 

20 mammalian (especially, human) disease states such as erosive gastritis; erosive esophagitis; 
diarrhea; cerebral spasm; premature labor; spontaneous abortion, dysmenorrhea' ischemia, 
noxious agent-induced damage of necrosis of hepatic, pancreatic, renal, or myocardial tissue; 
liver parenchymal damage caused by hepatodxix agents such as CCU and D-galactosamine; 
ischaemic renal failure; disease-induced hepatic damage; bile salt induced pancreatic or 

25 gastric damage; trauma- or stress-induced cell damage; and glycerol-induced renal failure. 
The compounds also exhibit cytoprotective action. (See EP 0480717). 

The magnitude of prophylactic or therapeutic dose of a compound of this 
invention will, of course, vary with the nature of the severity of the condition to be treated 
and with the particular compound of this invention and its route of administration. It will also 

30 vary according to the age, weight and response of the individual patient. In general, the daily 
dose range for anti-asthmatic, anti-allergic or anti-inflammatory use and generally, uses other 
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than cytoprotection, lie within the range of from 0.001 mg to 100 mg per kg body weight of a 
mammal, preferably 0.01 mg to 10 mg per kg, and most preferably 0.1 to 1 mg per kg, in 
single or divided doses. On the other hand, it may be necessary to use dosages outside these 

limits in some cases. 

The pharmaceutical compositions of the present invention comprise an 
anhydrous amorphous form of [R- (E)-l-[[[l-[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]- 
3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] cyclopropaneacetic acid alkali 
salt, as an active ingredient and may also contain a pharmaceutically acceptable carrier, 
diluent, excipient, additive, filler, lubricant, solvent, binder, stabilizer and the like and 
optionally other ingredients used in pharmaceutical formulations. The compositions may 
also comprise one or more additional therapeutic agents. The compositions of this invention 
include compositions suitable for oral, rectal, topical, parenteral, ocular, pulmonary, or nasal 
administration, although the most suitable route in any given case will depend on the nature 
and severity of the conditions being treated and on the nature of the active ingredient. The 
compositions may be conveniently presented in unit dosage form and prepared by any of the 
methods well known in the art of the pharmacy. 

Dosage forms include tablets, troches, dragees, powders, syrups, patches, 
liposomes, injections, dispersions, suspensions, solutions, capsules, creams, ointments and 
aerosols. Compositions which provide from 0.1 to 10.0 mg of the active ingredient are 
preferred. 

In general, an effective amount means that amount of a compound of this 
invention that will elicit the biological or medical response that is being sought. Any suitable 
route of administration may be employed for providing a mammal, especially a human with 
an effective dosage of a compound of the present invention. For example, oral, rectal, 
topical, parenteral, ocular, pulmonary and nasal administration, any be employed. 

The Montelukast free acid used for the preparation of the novel anhydrous 
amorphous forms of Montelukast alkali salts is prepared as per processes known in the prior 
art. 

The following examples illustrate the invention but do not construe to limit 

the same. 
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EXAMPLES 

Reference Example 

Preparation of Montelukast free acid 

Montelukast dicyclohexylamine salt (250.0 g, 0.326 moles) is suspended in 

dichloromethane (2.5 lit), followed by addition of water (1.25 lit.), acetic acid (28 ml, 0.489 

moles). The mixture is stirred for 30 minutes at ambient temperature. The layers are 

separated and the aqueous layer extracted with dichloromethane (1 x 500ml and 1 x 125 ml). 

The combined organic layers are washed with water (4 x 1.251it.) and the organic layer 

separated. The organic layer thus obtained is dried over anhydrous sodium sulfate. The 

reaction solution is decanted, solvent from the reaction solution distilled under vacuum at 

below 50°C to afford the Montelukast free acid as residual mass. 

Example 1 

Montelukast free acid (260 g.) is dissolved in toluene (500ml) and the solvent 
is completely distilled off under vacuum at below 50°C to afford the residue. The residue 
thus obtained is further dissolved in toluene (750ml) and 0.5M methanolic sodium hydroxide 
solution (665ml) added and the mixture stirred for 15-30 minutes. The solvent from the 
reaction mass is distilled off under reduced pressure at below 50°C, followed by addition of 
toluene (500 ml) and distilling off 10-30% (v/v) of the reaction volume under reduced 
pressure at below 50°C. The concentrated reaction solution is added to hexane (2.51it.) under 
Nitrogen atmosphere for 15-30 minutes at ambient temperature and stirred for 1-2 hours. 
The desired isolated compound is filtered under Nitrogen atmosphere and washed with 
hexane (500 ml), further the compound is filtered under vacuum. The wet compound was 
dried under vacuum at 70-80°C for 6-7 hours to yield amorphous form of Montelukast 
sodium. (Weight: 188 g., 94.90%, HPLC purity: 99.40%). 

Example 2 

Montelukast free acid (approx 26 g) is dissolved in toluene (50ml) and the 
solvent is completely distilled off under vacuum at below 50°C to afford the residue. The 
residue thus obtained is further dissolved in toluene (75ml) and 0.5M methanolic sodium 
hydroxide solution (69 ml) is added and the mixture stirred for 15-30 minutes. The solvent 
from the reaction mass was distilled off under reduced pressure at below 50°C followed by 
addition of toluene (300 ml) and charcoal treatment. The solvent from the reaction solution is 
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distilled off completely under reduced pressure at below 50°C. The residual mass is 
dissolved in toluene (40 ml) and solution added to n-heptane (250 ml) under Nitrogen 
atmosphere for 15-30 minutes at ambient temperature and stirred for 1-2 hours. The desired 
isolated compound is filtered under Nitrogen atmosphere and washed with n-heptane (50 ml), 
further the compound is filtered under vacuum and dried under vacuum at 70-80°C for 2-3 
days to yield amorphous form of Montelukast sodium. (Weight: 18.0 g., 91.0%, HPLC 
purity: 99.40%) 

Example 3 

Montelukast free acid (14 g.) is dissolved in toluene (20 ml) and distilled off 
the solvent completely under vacuum at below 50°C to afford the residue. The residue thus 
obtained is further dissolved in toluene (30ml) and 0.5M methanolic sodium hydroxide 
solution (27 ml) is added and reaction mass stirred for 15-30 minutes. The solvent from the 
reaction mass is distilled off under reduced pressure at below 50°C followed by addition of 
toluene (20 ml) and distilling the solvent to obtain 10-30% (v/v) of the reaction volume under 
reduced pressure at below 50°C. The concentrated reaction solution is added to cyclo hexane 
(100 ml.) under Nitrogen atmosphere for 15-30 minutes at ambient temperature and stirred 
for 1-2 hours. The desired isolated compound is filtered under Nitrogen atmosphere and 
washed with cyclo hexane (20 ml), further the compound is filtered under vacuum. The wet 
compound is dried under vacuum at 70-85°C for 2-3 days to yield amorphous form of 
Montelukast sodium. (Weight: 6.8 g., 85.0%, HPLC purity: 99.10%). 

Example 4 

Montelukast free acid (0 g.) is dissolved in toluene (20ml) and the solvent is 
distilled off under vacuum at below 50°C to afford the residue. The residue thus obtained is 
further dissolved in toluene (30ml) and 0.5M methanolic sodium hydroxide solution (27 ml) 
is added and reaction mass is stirred for 15-30 minutes. The solvent is distilled off 
completely under reduced pressure at below 50°C. 

To the residue, dichloro methane (1 5 ml) is added. The resulting solution is 
added to n-heptane (200 ml) under nitrogen atmosphere for 15-30 minutes at ambient 
temperature. The reaction mass is stirred for 1-2 hours. The compound thus obtained is 
filtered under nitrogen atmosphere and washed with n-heptane (40 ml). The wet compound 
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was dried under vacuum at 70-80°C for 2-3 days to yield amorphous form of Montelukast 
sodium. (Weight: 6.3 g., 78.70%, HPLC purity: 99.10%). 

Fig-1 is characteristic X-ray powder diffraction pattern of amorphous form of 
Montelukast Sodium Salt. Vertical axis: Intensity (CPS); Horizontal axis: 2 Theta (degrees). 
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CLAIMS 

1. Novel anhydrous amorphous form of [R- (E)-l-[[[l-[3-[2-[7-chloro-2- 
quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid alkali salt (Montelukast alkali salt). 

2. Novel anhydrous amorphous form of [R- (E)-l-[[[l-[3-[2-[7-chloro-2- 
quinolinyl] ethenyl] phenyl]-3-[2-(l -hydroxy- 1-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid sodium salt (Montelukast Sodium). 

3. The amorphous form according to claim 2, characterized by an X-ray powder 
diffraction pattern substantially in accordance with Fig-1. 

4. A process for the preparation of anhydrous amorphous form of [R- (E)-l-[[[l- 
[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] 
propyl] thio] methyl] cyclopropaneacetic acid alkali salt (Montelukast alkali salt), which 
comprises the steps of: 

i) dissolving the free acid of Montelukast in C1-C2 halogenated solvent 
or in C7-C8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding alkali salt 
using an alkaline metal hydroxide or an alkaline metal alkoxide in presence of C1-C4 straight 
or branched chain alcohol, followed by; 

iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
solvent or in C7-C8 aromatic hydrocarbon solvent, and 

isolating novel amorphous form of Montelukast alkali salt by adding a C5-C7 acyclic or C5- 
Cg cyclic hydrocarbon. 

5. A process for the preparation of anhydrous amorphous form of [R- (E)-l-[[[l- 
[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] 
propyl] thio] methyl] cyclopropaneacetic acid alkali salt (Montelukast alkali salt), which 
comprises the steps of: 

i) dissolving the free acid of Montelukast in Ci-C 2 halogenated solvent 
or in C7-C8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding alkali salt 
using an alcoholic alkaline metal hydroxide or alcoholic alkaline metal alkoxide, followed 
by; 
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iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
solvent or in C 7 -Cs aromatic hydrocarbon solvent, and 

iv) isolating novel amorphous form of Montelukast alkali salt by adding a 
C5-C7 acyclic or C 5 -C 8 cyclic hydrocarbon. 

5 6. A process for the preparation of anhydrous amorphous form of [R- (E)-l-[[[l- 

[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] 
propyl] thio] methyl] cyclopropaneacetic acid sodium salt (Montelukast sodium salt), which 
comprises the steps of: 

i) dissolving the free acid of Montelukast in C1-C2 halogenated solvent 

10 or in C7-C8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding alkali salt 
using an sodium hydroxide or an sodium alkoxide in presence of C1-C4 straight or branched 
chain alcohol, followed by; 

iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
1 5 solvent or in C 7 -C 8 aromatic hydrocarbon solvent, and 

iv) isolating novel amorphous form of Montelukast sodium salt by adding 
a C5-C7 acyclic or C 5 -C 8 cyclic hydrocarbon. 

7. A process for preparation of novel amorphous form of Montelukast Sodium, 
which comprises the steps of: 

20 i) dissolving the free acid of Montelukast in Ci-C 2 halogenated solvent 

or in C7-C8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to the corresponding sodium 
salt using alcoholic sodium hydroxide or alcoholic sodium alkoxide, followed by; 

iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
25 solvent or in C7-C8 aromatic hydrocarbon solvent, and 

iv) isolating novel amorphous form of Montelukast sodium by adding a 
C5-C7 acyclic or C 5 -C 8 cyclic hydrocarbon. 

8. The process according to claim 4 or 5 wherein the alkaline metal is sodium, 
calcium, magnesium or potassium. 

30 9. The process according to claim 4, wherein the alkaline alkoxide is selected 

from sodium methoxide or sodium ethoxide. 
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10, The process according to claim 6, wherein the sodium alkoxide is sodium 
methoxide or sodium ethoxide. 

1 1 , The process according to claim 4, wherein the alkaline hydroxide is sodium 
hydroxide. 

5 12. The process according to any one of claims 4 to 7, wherein the ratio of the 

free acid of Montelukast to Ci-C 2 halogenated solvent or C 7 -C 8 aromatic hydrocarbon solvent 
in step i) is 1:1.5 to 1:6 w/v. 

13. The process according to claim 4 or 6, wherein the ratio of Montelukast to 

C1-C4 straight or branched chain alcohol is 1 :2-3 w/v. 
10 14. The process according to claim 4, wherein the molar ratio of Montelukast 

acid to alkaline metal hydroxide or alkaline metal alkoxide acid is 1 :0.98 - 1.02. 

15. The process according to claim 6, wherein the molar ratio of Montelukast 
acid to sodium hydroxide or sodium alkoxide is 1 :0.98 - 1.02. 

16. The process according to claim 5, wherein the molar ratio of Montelukast 
15 acid to alcoholic alkaline metal hydroxide or alcoholic alkaline metal alkoxide is 1 :2-4 w/v. 

17. The process according to claim 7, wherein the molar ratio of Montelukast 
acid to alcoholic sodium hydroxide or alcoholic sodium alkoxide is 1 :2-4 w/v. 

18. The process according to claim 5, wherein the molar ratio of Montelukast 
acid to alkali in alcoholic alkaline metal hydroxide or alcoholic alkaline metal alkoxide is 1 : 

20 0.98 -1.02 w/v. 

19. The process according to claim 7, wherein the molar ratio of Montelukast 
acid to sodium in alcoholic sodium hydroxide or alcoholic sodium alkoxide is 1: 0.98 - 1.02 
w/v. 

20. The process according to any one of claims 4 to 7, wherein in step iii), the 
25 ratio of the reaction mass to the solvent is 1 : 1 .2 to 1 :4 w/v. 

21. The process according to any one of claims 4 to 7, wherein in step iv) the ratio 
of C1-C2 halogenated solvent or C 7 -C 8 aromatic solvent to the C5-C7 acyclic or C 5 -C 8 cyclic 
hydrocarbon is 1:5 to 1:13 v/v. 

22. The process according to any one of claims 4 to 7, wherein the C1-C2 
30 halogenated solvent is selected from chloroform, dichioromethane or dichloroethane. 
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23. The process according to claim 21, wherein the halogenated solvent is 
dichloromethane. 

24. The process according to any one of claims 4 to 7, wherein the C7-C8 aromatic 
hydrocarbon solvent is selected from toluene, ethyl benzene or xylene. 

5 25. The process according to claim 24, wherein the aromatic hydrocarbon solvent 

is toluene. 

26. The process according to any one of claims 4 or 6, wherein the C1-C4 straight 

or branched chain alcohol is selected from methanol, ethanol, propanol, butanol, 2-propanol 
or tertiary butanol. 

10 27, The process according to claim 26, wherein the Ci -C4 straight or branched 

chain alcohol is methanol. 

28. The process according to any one of claims 4 to 7, wherein the C5-C7 cyclic 
hydrocarbon solvent is selected from cyclopentane, cyclohexane or cycloheptane. 

29. The process according to claim 27, wherein the cyclic hydrocarbon solvent is 
15 cyclohexane. 

30. The process according to any one of claims 4 to 7, wherein the C 5 -C 8 acyclic 
hydrocarbon solvent is selected from pentane, hexane, n-hexane, n-heptane or n-octane. 

31. The process according to claim 29, wherein the acyclic hydrocarbon solvent is 
hexane or n-heptane. 

20 32. A composition comprising an effective amount of a compound of any one of 

claims 1-3 and a pharmaceutical^ acceptable carrier, diluent, excipient, additive, filler, 
lubricant, solvent, binder or stabilizer. 

33. The composition according to claim 31, in the form of a tablet, troche, dragee, 
powder, syrup, patch, liposome, injection, dispersion, suspension, solutions, capsule, cream, 

25 ointment or aerosol. 

34. The use of a compound of any one of claims 1 -3, for the manufacture of a 
medicament, for preventing the synthesis, the action, or the release of SRS-A or leukotrienes. 

35. The use of a compound of any one of claims 1-3, for the manufacture of a 
medicament for treating asthma. 

30 36. The use of a compound of any one of claims 1 -3, for the manufacture of a 

medicament for treating inflammatory diseases of the eye. 
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37. The use of a compound of any one of claims 1 to 3, for preparing a 
medicament for treating, preventing or ameliorating 1) pulmonary disorders including 
diseases such as asthma, chronic bronchitis, and related obstructive airway diseases, 2) 
allergies or allergic reactions such as allergic rhinitis, contact dermatitis, or allergic 

5 conjunctivitis, 3) inflammation such as arthritis or inflammatory bowel disease, 4) pain, 5) 
skin disorders such as psoriasis, or atopic eczema, 6) conditions related to cardiovascular 
disorders such as angina, myocardial ischemia, hypertension, or platelet aggregation 7) renal 
insufficiency arising from ischaemia induced by immunological or chemical (cyclosporin) 
etiology, 8) migraine or cluster headache, 9) ocular conditions such as uveitis, 10) hepatitis 
10 resulting from chemical, immunological or infectious stimuli, 1 1) trauma or shock states such 
as bum injuries, or endotoxemia, 12) allograft rejection, 13) chronic lung diseases such as 
cystic fibrosis, bronchitis and other small and large-airway diseases, 4) cholecystitis, or 15) 
glomerular nephritis. 

38. The use of a compound according to any one of claims 1 to 3, for prevention 
15 of side effects associated with therapeutic administration of cytokines such as interleukin II 

and tumor necrosis factor. 

39. The use of a compound of any one of claims 1 to 3, for preparing a 
medicament for treating, preventing or ameliorating erosive gastritis; erosive esophagitis; 
diarrhea; cerebral spasm; premature labor; spontaneous abortion, dysmenorrhea 5 ischemia, 

20 noxious agent-induced damage of necrosis of hepatic, pancreatic, renal, or myocardial tissue; 
liver parenchymal damage caused by hepatodxix agents; ischaemic renal failure; disease- 
induced hepatic damage; bile salt induced pancreatic or gastric damage; trauma- or stress- 
induced cell damage; or glycerol-induced renal failure. 
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NOVEL ANHYDROUS AMORPHOUS FORMS OF MONTELUKAST SODIUM SALT 



The present invention relates to novel anhydrous amorphous forms of [R- 
(E)-l-[[[l-[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) 
phenyl] propyl] thio] methyl] cyclopropaneacetic acid alkali salts (Montelukast alkali salts) 
to processes for their preparation, to compositions containing them and to methods of 
treatment using the same. 

Montelukast Sodium, chemically known as [R- (E)-l-[[[l-[3-[2-[7-chloro-2- 
quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid (Montelukast) sodium salt is represented by the formula: 




Montelukast sodium, a leukotriene antagonist, is useful as anti-asthmatic, anti- 
allergic, anti-inflammatory and cytoprotective agent and is hence useful in the treatment of 
angina, cerebral spasm, glomerular nephritis, hepatitis, endotoxemia, uveitis, and allograft 
rejection. 

EP 480717 discloses certain substituted quinoline compounds including [R- 
(E)4-[[[l-[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) 
phenyl] propyl] thio] methyl] cyclopropaneacetic acid sodium salt (Montelukast sodium), 
and methods for their preparation. 

The reported synthesis of Montelukast Sodium proceeds through 
corresponding methyl ester and involves coupling methyl l-(mercaptomethyl) cyclopropane- 
acetate with a mesylate generated in situ. The methyl ester of Montelukast free acid is 
hydrolyzed to the free acid and the latter converted directly to the corresponding sodium salt. 
This process is not particularly suitable for large-scale production because it requires tedious 
chromatographic purification of the methyl ester intermediate and/or the final product, and 
the product yields are low. 
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WO Patent Application 95/18107 discloses an improved process for the 
preparation of crystalline Montelukast sodium salt, which comprises the generation of 
dilithium dianion of l-(mercaptomethyl) cyclopropaneacetic acid followed by condensation 
with 2-(2-(3(S)-(3-(2-(7-chloro-2-quinolinyl) ethenyl) phenyl)-3-methanesulfonyloxypropyl) 
phenyl)-2-propanol to afford the Montelukast acid which is then converted, via dicyclohexyl 
amine salt, to its corresponding sodium salt. The obtained sodium salt is further crystallized 
from a mixture of toluene: acetonitrile to obtain crystalline Montelukast sodium. 

The PCT application further designates the products obtained as per 
EP 480717 as amorphous sodium salts, which are hydrated and often not ideal for 
pharmaceutical formulation. 

It has been disclosed earlier that the amorphous forms in a number of drugs 
exhibit different dissolution characteristics and in some cases different bioavailability 
patterns compared to crystalline forms [Konne T., Chem pharm Bull., 38, 2003(1990)]. For 
some therapeutic indications one bioavailability pattern may be favoured over another. An 
amorphous form of Cefuroxime axetil is a good example for exhibiting higher bioavailability 
than the crystalline form. 

Since Montelukast sodium is useful as anti-asthmatic, anti-allergic, anti- 
inflammatory and cytoprotective agent and amorphous forms of a number of drugs have been 
disclosed to exhibit different dissolution characteristics and in some cases different 
bioavailability patterns when compared to crystalline forms, the present invention, hence, 
aims to provide novel anhydrous amorphous forms of [R- (E)-l-[[[l-[3-[2-[7-chloro-2- 
quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid alkali salts and to processes for the preparation thereof. 

The present invention also provides pharmaceutical compositions and 
pharmaceutical methods of treatment using novel anhydrous amorphous forms of [R- (E)-l- 
[[[l-[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] 
propyl] thio] methyl] cyclopropaneacetic acid alkali salts. 

Another embodiment of the present invention is to provide methods for the 
preparation of the anhydrous amorphous forms of [R- (E)-l-[[[l-[3-[2-[7-chloro-2- 
quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid alkali salts (Montelukast alkali salts) which comprises dissolution of 
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Montelukast free acid in aromatic hydrocarbon solvent or halogenated solvent and converting 
the free acid to its alkali salt, accompanied by addition of a cyclic or acyclic hydrocarbon 
solvent or mixtures thereof, followed by isolation of the desired compound. 

Still another embodiment of the present invention is to provide pharmaceutical 
formulations containing an anhydrous amorphous form of [R- (E)-l-[[[l-[3-[2-[7-chloro-2- 
quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid alkali salt. 

An additional embodiment of the present invention is to provide 
pharmaceutical methods of treatment using anhydrous amorphous forms of [R- (E)-l-[[[l-[3- 
[2-[7-cWoro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l -hydroxy- 1-methylethyl) phenyl] propyl] 
thio] methyl] cyclopropaneacetic acid alkali salts. 

Brief Description Of The Accompanying Drawing 

Fig. 1 is X-ray powder diffractogram of novel anhydrous amorphous form of 
Montelukast Sodium. 

The present invention provides novel anhydrous amorphous forms of [R- (E)- 
l-[[[l-[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l -hydroxy- 1-methylethyl) 
phenyl] propyl] thio] methyl] cyclopropaneacetic acid alkali salts, preferably, anhydrous 
amorphous form of [R- (E)-l-[[[l-[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl] -3 -[2-(l- 
hydroxy- 1-methylethyl) phenyl] propyl] thio] methyl] cyclopropaneacetic acid sodium salt. 

The present invention also provides a process for preparation of anhydrous 
amorphous forms of Montelukast alkali metal salts. The anhydrous amorphous forms of 
Montelukast alkali metal salts are prepared by dissolving the free acid of Montelukast in Ci- 
C 2 halogenated solvent or in C 7 -Cg aromatic hydrocarbon. The solution of free acid of 
Montelukast is converted into alkali salt by use of alkaline metal hydroxide or an alkaline 
metal alkoxide in the presence of C1-C4 straight or branched chain alcohol or by use of 
alcoholic alkaline metal hydroxide or an alcoholic metal alkoxide. 

One process for preparing amorphous forms of Montelukast alkali metal salts 

comprises: 

i) dissolving the free acid of Montelukast in Ci-C 2 halogenated solvent 
or in C 7 -C 8 aromatic hydrocarbon solvent; 
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ii) converting the dissolved acid of step i) to corresponding alkali salt 
using an alkaline metal hydroxide or an alkaline metal alkoxide in the presence of C1-C4 
straight or branched chain alcohol, followed by; 

iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
solvent or in Cy-Cg aromatic hydrocarbon solvent; and 

iv) isolating amorphous form of Montelukast alkali salt by adding a C5- 
Cy acyclic or Cs-Cs cyclic hydrocarbon. 

According, to another embodiment, the present invention provides a process 
for preparation of amorphous forms of Montelukast alkali metal salts, which comprises: 

i) dissolving the free acid of Montelukast in C1-C2 halogenated solvent 
or in Cy-Cg aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding alkali salt 
using an alcoholic alkaline metal hydroxide or alcoholic alkaline metal alkoxide, followed 

by; 

iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
solvent or in Cy-Cg aromatic hydrocarbon solvent; and 

iv) isolating amorphous form of Montelukast alkali salt by adding a C5- 
Cy acyclic or C 5 -Cg cyclic hydrocarbon. 

The alkaline metal maybe selected from calcium, sodium, potassium, or 
magnesium. Preferably, the alkaline metal is sodium. 

According, to another embodiment, the present invention provides a process 
for preparation of novel anhydrous amorphous form of Montelukast Sodium, which 
comprises: 

i) dissolving the free acid of Montelukast sodium in Ci-C 2 halogenated 
solvent or in Cy-C 8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding sodium salt 
using sodium hydroxide or sodium alkoxide in presence of C1-C4 straight or branched chain 
alcohol, followed by; 

iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
solvent or in Cy-C 8 aromatic hydrocarbon solvent, and 



WO 03/066598 



PCT/US03/03700 



-5- 

iv) isolating anhydrous amorphous form of Montelukast alkali salt 
sodium by adding a C5-C7 acyclic or Cs-Cg cyclic hydrocarbon. 

According, to another embodiment, the present invention provides a process 
for preparation of novel anhydrous amorphous form of Montelukast Sodium, which 
comprises: 

i) dissolving the free acid of Montelukast sodium in C1-C2 halogenated 
solvent or in C7-C8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding sodium salt 
using alcoholic sodium hydroxide or alcoholic sodium alkoxide in presence of C1-C4 straight 
or branched chain alcohol, followed by; 

hi) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
solvent or in C 7 -C 8 aromatic hydrocarbon solvent, and 

iv) isolating anhydrous amorphous form of Montelukast alkali salt 
sodium by adding a C5-C7 acyclic or Cs-Cg cyclic hydrocarbon. 

In a preferred embodiment of the invention, the ratio of Montelukast free acid 
to C1-C2 halogenated solvent or C 7 -C 8 aromatic hydrocarbon solvent in step i) is 1:1.5 to 1:6 
w/v. 

In a preferred embodiment of the invention, the ratio of Montelukast acid to 
C1-C4 straight or branched chain alcohol is 1:2-3 w/v. 

In a preferred embodiment of the invention, the molar ratio of Montelukast 
acid to alkali metal hydroxide or alkaline metal alkoxide is 1 :0.98 - 1 .02, preferably, 1 : 1 . In a 
preferred embodiment of the invention, the ratio of Montelukast acid to alcoholic alkaline 
metal hydroxide or alcoholic alkaline metal alkoxide is 1 :2-4 w/v wherein the ratio of 
Montelukast acid to alkaline metal in alcoholic alkaline metal hydroxide or alcoholic alkaline 
metal alkoxide is 1 :0.98 - 1 .02 w/v. In step iii), the ratio of the reaction mass to the solvent 
is 1:1.2 to 1:4 w/v. 

In precipitation of Montelukast alkali salt in step iv) the ratio of C1-C2 
halogenated solvent or C 7 -Cg aromatic solvent to the C5-C7 acyclic or Cs-Cg cyclic 
hydrocarbonisl:5to l:13v/v. The preferred ratio is 1:6.5 v/v. This ratio is based on the 
amount of the C1-C2 halogenated solvent or C7-C8 solvent added in step iii). 
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The C1-C2 halogenated solvent may be selected from chloroform, 
dichloromethane or dichloroethane, preferably dichloromethane. The C7-C8 aromatic 
hydrocarbon solvent may be selected from toluene, ethyl benzene or xylene, preferably 
toluene. 

The alkali used in step ii) may be selected from sodium hydroxide, sodium 
methoxide, sodium ethoxide, methanolic sodium hydroxide, ethanolic sodium hydroxide, 
methanolic sodium methoxide, ethanolic sodium methoxide, methanolic sodium ethoxide, 
ethanolic sodium ethoxide, calcium hydroxide, calcium methoxide, calcium ethoxide, 
methanolic calcium hydroxide, ethanolic calcium hydroxide, methanolic calcium methoxide, 
ethanolic calcium methoxide, methanolic calcium ethoxide, ethanolic calcium ethoxide, 
potassium hydroxide, potassium methoxide, potassium ethoxide, methanolic potassium 
hydroxide, ethanolic potassium hydroxide, methanolic potassium methoxide, ethanolic 
potassium methoxide, methanolic potassium ethoxide, ethanolic potassium ethoxide, 
magnesium hydroxide, magnesium methoxide, magnesium ethoxide, methanolic magnesium 
hydroxide, ethanolic magnesium hydroxide, methanolic magnesium methoxide, ethanolic 
magnesium methoxide, methanolic magnesium ethoxide, ethanolic magnesium ethoxide, 
preferably the alkali is sodium hydroxide. 

The C1-C4 straight or branched chain alcohol may be selected from methanol, 
ethanol, propanol, butanol, 2-propanol or tertiary.butanol, preferably methanol. The C5-C7 
acyclic solvent may be selected from pentane, hexane, n-hexane, n-heptane or n-octane, 
preferably hexane or n-heptane. The Cs-Cg cyclic hydrocarbon solvent may be selected from 
cyclopentane, cyclohexane or cycloheptane, preferably cyclohexane. 

Novel anhydrous amorphous forms of Montelukast alkali salts may be 
characterized by the X-Ray powder diffraction pattern. The present invention provides 
anhydrous amorphous form of Montelukast Sodium that is characterized by its X Ray 
powder diffraction, substantially in accordance with Figure 1 . The X-Ray diffraction pattern 
of anhydrous amorphous form of Montelukast Sodium was measured on a Rigaku Dmax 
2000 with Cu K alpha- 1 ISOKV/34mA, Degrees scanned: 3-45 degrees. Scan speed 3 
degree/min. 

Tne compounds of this invention can be used to prevent the synthesis, the 
action or the release of SRS-A or leukotrienes. 
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The ability of the compounds of the present invention to antagonize the 
actions of the leukotrienes makes them useful for preventing or reversing the symptoms 
induced by the leukotrienes in a mammal including a human subject. This antagonism of the 
actions of leukotrienes indicates that the compounds of this invention and pharmaceutical 
compositions thereof are useful to treat, prevent, or ameliorate in mammals and especially in 
humans: 1) pulmonary disorders including diseases such as asthma, chronic bronchitis, and 
related obstructive airway diseases, 2) allergies and allergic reactions such as allergic rhinitis, 
contact, allergic conjunctivitis, and the like, 3) inflammation such as arthritis or 
inflammatory bowel disease, 4) pain, 5) skin disorders such as psoriasis, atopic eczema, and 
the like, 6) conditions related to cardiovascular disorders such as angina, myocardial 
ischemia, hypertension, platelet aggregation and the like, 7) renal insufficiency arising from 
ischaemia induced by immunological or chemical (cyclosporin) etiology, 8) migraine or 
cluster headache, 9) ocular conditions including inflammatory diseases such as uveitis, 10) 
hepatitis resulting from chemical, immunological or infectious stimuli, 11) trauma or shock 
states such as bum injuries, endotoxemia and the like, 12) allograft rejection, 13) prevention 
of side effects associated with therapeutic administration of cytokines such as interleukin II 
and tumor necrosis factor, 14) chronic lung diseases such as cystic fibrosis, bronchitis and 
other small and large-airway diseases, 15) cholecystitis and 16) glomerular nephritis. 

The compounds of the present invention may also be used to treat or prevent 
mammalian (especially, human) disease states such as erosive gastritis; erosive esophagitis; 
diarrhea; cerebral spasm; premature labor; spontaneous abortion, dysmenorrhea' ischemia, 
noxious agent-induced damage of necrosis of hepatic, pancreatic, renal, or myocardial tissue; 
liver parenchymal damage caused by hepatodxix agents such as CCU and D-galactosamine; 
ischaemic renal failure; disease-induced hepatic damage; bile salt induced pancreatic or 
gastric damage; trauma- or stress-induced cell damage; and glycerol-induced renal failure. 
The compounds also exhibit cytoprotective action. (See EP 0480717). 

The magnitude of prophylactic or therapeutic dose of a compound of this 
invention will, of course, vary with the nature of the severity of the condition to be treated 
and with the particular compound of this invention and its route of administration. It will also 
vary according to the age, weight and response of the individual patient. In general, the daily 
dose range for anti-asthmatic, anti-allergic or anti-inflammatory use and generally, uses other 
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than cytoprotection, lie within the range of from 0.001 mg to 100 mg per kg body weight of a 
mammal, preferably 0.01 mg to 10 mg per kg, and most preferably 0.1 to 1 mg per kg, in 
single or divided doses. On the other hand, it may be necessary to use dosages outside these 
limits in some cases. 

The pharmaceutical compositions of the present invention comprise an 
anhydrous amorphous form of [R- (E)-l-[[[l-[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]- 
3-[2-(14iydroxy-l-methylethyl) phenyl] propyl] thio] methyl] cyclopropaneacetic acid alkali 
salt, as an active ingredient and may also contain a pharmaceutically acceptable carrier, 
diluent, excipient, additive, filler, lubricant, solvent, binder, stabilizer and the like and 
optionally other ingredients used in pharmaceutical formulations. The compositions may 
also comprise one or more additional therapeutic agents. The compositions of this invention 
include compositions suitable for oral, rectal, topical, parenteral, ocular, pulmonary, or nasal 
administration, although the most suitable route in any given case will depend on the nature 
and severity of the conditions being treated and on the nature of the active ingredient. The 
compositions may be conveniently presented in unit dosage form and prepared by any of the 
methods well known in the art of the pharmacy. 

Dosage forms include tablets, troches, dragees, powders, syrups, patches, 
liposomes, injections, dispersions, suspensions, solutions, capsules, creams, ointments and 
aerosols. Compositions which provide from 0.1 to 10.0 mg of the active ingredient are 
preferred. 

In general, an effective amount means that amount of a compound of this 
invention that will elicit the biological or medical response that is being sought. Any suitable 
route of administration may be employed for providing a mammal, especially a human with 
an effective dosage of a compound of the present invention. For example, oral, rectal, 
topical, parenteral, ocular, pulmonary and nasal administration, any be employed. 

The Montelukast free acid used for the preparation of the novel anhydrous 
amorphous forms of Montelukast alkali salts is prepared as per processes known in the prior 
art. 

The following examples illustrate the invention but do not construe to limit 

the same. 
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EXAMPLES 

Reference Example 

Preparation of Montelukast free acid 

Montelukast dicyclohexylamine salt (250.0 g, 0.326 moles) is suspended in 

dichloromethane (2.5 lit.), followed by addition of water (1.25 lit.), acetic acid (28 ml, 0.489 

moles). The mixture is stirred for 30 minutes at ambient temperature. The layers are 

separated and the aqueous layer extracted with dichloromethane (1 x 500ml and 1 x 125 ml). 

The combined organic layers are washed with water (4 x 1.251it.) and the organic layer 

separated. The organic layer thus obtained is dried over anhydrous sodium sulfate. The 

reaction solution is decanted, solvent from the reaction solution distilled under vacuum at 

below 50°C to afford the Montelukast free acid as residual mass. 

Example 1 

Montelukast free acid (260 g.) is dissolved in toluene (500ml) and the solvent 
is completely distilled off under vacuum at below 50°C to afford the residue. The residue 
thus obtained is further dissolved in toluene (750ml) and 0.5M methanolic sodium hydroxide 
solution (665ml) added and the mixture stirred for 15-30 minutes. The solvent from the 
reaction mass is distilled off under reduced pressure at below 50°C, followed by addition of 
toluene (500 ml) and distilling off 10-30% (v/v) of the reaction volume under reduced 
pressure at below 50°C. The concentrated reaction solution is added to hexane (2.51it.) under 
Nitrogen atmosphere for 15-30 minutes at ambient temperature and stirred for 1-2 hours. 
The desired isolated compound is filtered under Nitrogen atmosphere and washed with 
hexane (500 ml), further the compound is filtered under vacuum. The wet compound was 
dried under vacuum at 70-80°C for 6-7 hours to yield amorphous form of Montelukast 
sodium. (Weight: 188 g., 94.90%, HPLC purity: 99.40%). 

Example 2 

Montelukast free acid (approx 26 g) is dissolved in toluene (50ml) and the 
solvent is completely distilled off under vacuum at below 50°C to afford the residue. The 
residue thus obtained is further dissolved in toluene (75ml) and 0.5M methanolic sodium 
hydroxide solution (69 ml) is added and the mixture stirred for 15-30 minutes. The solvent 
from the reaction mass was distilled off under reduced pressure at below 50°C followed by 
addition of toluene (300 ml) and charcoal treatment. The solvent from the reaction solution is 
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distilled off completely under reduced pressure at below 50°C. The residual mass is 
dissolved in toluene (40 ml) and solution added to n-heptane (250 ml) under Nitrogen 
atmosphere for 15-30 minutes at ambient temperature and stirred for 1-2 hours. The desired 
isolated compound is filtered under Nitrogen atmosphere and washed with n-heptane (50 ml), 
further the compound is filtered under vacuum and dried under vacuum at 70-80°C for 2-3 
days to yield amorphous form of Montelukast sodium. (Weight: 18.0 g., 91.0%, HPLC 
purity: 99.40%) 

Example 3 

Montelukast free acid (14 g.) is dissolved in toluene (20 ml) and distilled off 
the solvent completely under vacuum at below 50°C to afford the residue. The residue thus 
obtained is further dissolved in toluene (30ml) and 0.5M methanolic sodium hydroxide 
solution (27 ml) is added and reaction mass stirred for 15-30 minutes. The solvent from the 
reaction mass is distilled off under reduced pressure at below 50°C followed by addition of 
toluene (20 ml) and distilling the solvent to obtain 10-30% (v/v) of the reaction volume under 
reduced pressure at below 50°C. The concentrated reaction solution is added to cyclo hexane 
(100 ml.) under Nitrogen atmosphere for 15-30 minutes at ambient temperature and stirred 
for 1-2 hours. The desired isolated compound is filtered under Nitrogen atmosphere and 
washed with cyclo hexane (20 ml), further the compound is filtered under vacuum. The wet 
compound is dried under vacuum at 70-85 °C for 2-3 days to yield amorphous form of 
Montelukast sodium. (Weight: 6.8 g., 85.0%, HPLC purity: 99.10%). 

Example 4 

Montelukast free acid (0 g.) is dissolved in toluene (20ml) and the solvent is 
distilled off under vacuum at below 50°C to afford the residue. The residue thus obtained is 
further dissolved in toluene (30ml) and 0.5M methanolic sodium hydroxide solution (27 ml) 
is added and reaction mass is stirred for 15-30 minutes. The solvent is distilled off 
completely under reduced pressure at below 50°C. 

To the residue, dichloro methane (1 5 ml) is added. The resulting solution is 
added to n-heptane (200 ml) under nitrogen atmosphere for 1 5-30 minutes at ambient 
temperature. The reaction mass is stirred for 1-2 hours. The compound thus obtained is 
filtered under nitrogen atmosphere and washed with n-heptane (40 ml). The wet compound 
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was dried under vacuum at 70-80°C for 2-3 days to yield amorphous form of Montelukast 
sodium. (Weight: 6.3 g., 78.70%, HPLC purity: 99.10%). 

Fig- 1 is characteristic X-ray powder diffraction pattern of amorphous form of 
Montelukast Sodium Salt. Vertical axis: Intensity (CPS); Horizontal axis: 2 Theta (degrees). 
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CLAIMS 

1 . Novel anhydrous amorphous form of [R- (E)-l-[[[l-[3-[2-[7-chloro-2- 
quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid alkali salt (Montelukast alkali salt). 

2. Novel anhydrous amorphous form of [R- (E)-l-[[[l-[3-[2-[7-chloro-2- 
quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] propyl] thio] methyl] 
cyclopropaneacetic acid sodium salt (Montelukast Sodium). 

3. The amorphous form according to claim 2, characterized by an X-ray powder 
diffraction pattern substantially in accordance with Fig-1 . 

4. A process for the preparation of anhydrous amorphous form of [R- (E)-l-[[[l- 
[3-[2-[7-chloro-2-quinolinyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] 
propyl] thio] methyl] cyclopropaneacetic acid alkali salt (Montelukast alkali salt), which 
comprises the steps of: 

i) dissolving the free acid of Montelukast in Ci-C 2 halogenated solvent 
or in C7-C8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding alkali salt 
using an alkaline metal hydroxide or an alkaline metal alkoxide in presence of C1-C4 straight 
or branched chain alcohol, followed by; 

iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
solvent or in Cy-Cg aromatic hydrocarbon solvent, and 

isolating novel amorphous form of Montelukast alkali salt by adding a C5-C7 acyclic or C 5 - 
Cg cyclic hydrocarbon. 

5. A process for the preparation of anhydrous amorphous form of [R- (B)-l-[[[l- 
[3-[2-[7-chloro-2-quinohnyl] ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] 
propyl] thio] methyl] cyclopropaneacetic acid alkali salt (Montelukast alkali salt), which 
comprises the steps of: 

i) dissolving the free acid of Montelukast in C1-C2 halogenated solvent 
or in C7-C8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding alkali salt 
using an alcoholic alkaline metal hydroxide or alcoholic alkaline metal alkoxide, followed 
by; 
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iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
solvent or in C7-C8 aromatic hydrocarbon solvent, and 

iv) isolating novel amorphous form of Montelukast alkali salt by adding a 
C5-C7 acyclic or C 5 -C 8 cyclic hydrocarbon. 

6. A process for the preparation of anhydrous amorphous form of [R- (E)-l-[[[l- 
[3-[2-[7-chloro-2-quinolinyl^ ethenyl] phenyl]-3-[2-(l-hydroxy-l-methylethyl) phenyl] 
propyl] thio] methyl] cyclopropaneacetic acid sodium salt (Montelukast sodium salt), which 
comprises the steps of: 

i) dissolving the free acid of Montelukast in C1-C2 halogenated solvent 
or in C 7 -C 8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to corresponding alkali salt 
using an sodium hydroxide or an sodium alkoxide in presence of C1-C4 straight or branched 
chain alcohol, followed by; 

iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
solvent or in C7-C8 aromatic hydrocarbon solvent, and 

iv) isolating novel amorphous form of Montelukast sodium salt by adding 
a C5-C7 acyclic or C 5 -C 8 cyclic hydrocarbon. 

7. A process for preparation of novel amorphous form of Montelukast Sodium, 
which comprises the steps of: 

i) dissolving the free acid of Montelukast in C1-C2 halogenated solvent 
or in C7-C8 aromatic hydrocarbon solvent; 

ii) converting the dissolved acid of step i) to the corresponding sodium 
salt using alcoholic sodium hydroxide or alcoholic sodium alkoxide, followed by; 

iii) optionally dissolving the reaction mass of step ii) in C1-C2 halogenated 
solvent or in C7-C8 aromatic hydrocarbon solvent, and 

iv) isolating novel amorphous form of Montelukast sodium by adding a 
C5-C7 acyclic or Cs-Cs cyclic hydrocarbon, 

8. The process according to claim 4 or 5 wherein the alkaline metal is sodium, 
calcium, magnesium or potassium. 

9. The process according to claim 4, wherein the alkaline alkoxide is selected 
from sodium methoxide or sodium ethoxide. 
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10. The process according to claim 6, wherein the sodium alkoxide is sodium 
methoxide or sodium ethoxide. 

1 1 . The process according to claim 4, wherein the alkaline hydroxide is sodium 
hydroxide. 

12. The process according to any one of claims 4 to 7, wherein the ratio of the 
free acid of Montelukast to C1-C2 halogenated solvent or C7-C8 aromatic hydrocarbon solvent 
in step i) is 1:1.5 to 1:6 w/v. 

13. The process according to claim 4 or 6, wherein the ratio of Montelukast to 
C1-C4 straight or branched chain alcohol is 1 :2-3 w/v. 

14. The process according to claim 4, wherein the molar ratio of Montelukast 
acid to alkaline metal hydroxide or alkaline metal alkoxide acid is 1:0.98 - 1,02. 

15. The process according to claim 6, wherein the molar ratio of Montelukast 
acid to sodium hydroxide or sodium alkoxide is 1:0.98 - 1.02. 

16. The process according to claim 5, wherein the molar ratio of Montelukast 
acid to alcoholic alkaline metal hydroxide or alcoholic alkaline metal alkoxide is 1:2-4 w/v. 

17. The process according to claim 7, wherein the molar ratio of Montelukast 
acid to alcoholic sodium hydroxide or alcoholic sodium alkoxide is 1:2-4 w/v. 

18. The process according to claim 5, wherein the molar ratio of Montelukast 
acid to alkali in alcoholic alkaline metal hydroxide or alcoholic alkaline metal alkoxide is 1 : 
0.98 -1.02 w/v. 

19. The process according to claim 7, wherein the molar ratio of Montelukast 
acid to sodium in alcoholic sodium hydroxide or alcoholic sodium alkoxide is 1: 0.98 - 1.02 
w/v. 

20. The process according to any one of claims 4 to 7, wherein in step iii), the 
ratio of the reaction mass to the solvent is 1:1.2 to 1:4 w/v. 

21 . The process according to any one of claims 4 to 7, wherein in step iv) the ratio 
of C1-C2 halogenated solvent or C 7 -C 8 aromatic solvent to the C5-C7 acyclic or Cs-Cs cyclic 
hydrocarbon is 1:5 to 1:13 v/v. 

22. The process according to any one of claims 4 to 7, wherein the C1-C2 
halogenated solvent is selected from chloroform, dichloromethane or dichloroethane. 



WO 03/066598 



PCT/US03/03700 



-15- 

23. The process according to claim 21, wherein the halogenated solvent is 
dichloromethane. 

24. The process according to any one of claims 4 to 7, wherein the C7-C8 aromatic 
hydrocarbon solvent is selected from toluene, ethyl benzene or xylene. 

25. The process according to claim 24, wherein the aromatic hydrocarbon solvent 
is toluene. 

26. The process according to any one of claims 4 or 6, wherein the C1-C4 straight 
or branched chain alcohol is selected from methanol, ethanol, propanol, butanol, 2-propanol 
or tertiary butanol. 

27. The process according to claim 26, wherein the C1-C4 straight or branched 
chain alcohol is methanol. 

28. The process according to any one of claims 4 to 7, wherein the C5-C7 cyclic 
hydrocarbon solvent is selected from cyclopentane, cyclohexane or cycloheptane. 

29. The process according to claim 27, wherein the cyclic hydrocarbon solvent is 
cyclohexane. 

30. The process according to any one of claims 4 to 7, wherein the C 5 -Cg acyclic 
hydrocarbon solvent is selected from pentane, hexane, n-hexane, n-heptane or n-octane. 

3 1 . The process according to claim 29, wherein the acyclic hydrocarbon solvent is 
hexane or n-heptane. 

32. A composition comprising an effective amount of a compound of any one of 
claims 1-3 and a pharmaceutically acceptable carrier, diluent, excipient, additive, filler, 
lubricant, solvent, binder or stabilizer. 

33. The composition according to claim 3 1 , in the form of a tablet, troche, dragee, 
powder, syrup, patch, liposome, injection, dispersion, suspension, solutions, capsule, cream, 
ointment or aerosol. 

34. The use of a compound of any one of claims 1-3, for the manufacture of a 
medicament, for preventing the synthesis, the action, or the release of SRS-A or leukotrienes. 

35. The use of a compound of any one of claims 1-3, for the manufacture of a 
medicament for treating asthma. 

36. The use of a compound of any one of claims 1-3, for the manufacture of a 
medicament for treating inflammatory diseases of the eye. 
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37. The use of a compound of any one of claims 1 to 3, for preparing a 
medicament for treating, preventing or ameliorating 1) pulmonary disorders including 
diseases such as asthma, chronic bronchitis, and related obstructive airway diseases, 2) 
allergies or allergic reactions such as allergic rhinitis, contact dermatitis, or allergic 
conjunctivitis, 3) inflammation such as arthritis or inflammatory bowel disease, 4) pain, 5) 
skin disorders such as psoriasis, or atopic eczema, 6) conditions related to cardiovascular 
disorders such as angina, myocardial ischemia, hypertension, or platelet aggregation 7) renal 
insufficiency arising from ischaemia induced by immunological or chemical (cyclosporin) 
etiology, 8) migraine or cluster headache, 9) ocular conditions such as uveitis, 10) hepatitis 
resulting from chemical, immunological or infectious stimuli, 1 1) trauma or shock states such 
as burn injuries, or endotoxemia, 12) allograft rejection, 13) chronic lung diseases such as 
cystic fibrosis, bronchitis and other small and large-airway diseases, 4) cholecystitis, or 15) 
glomerular nephritis. 

38. The use of a compound according to any one of claims 1 to 3, for prevention 
of side effects associated with therapeutic administration of cytokines such as interleukin II 
and tumor necrosis factor. 

39. The use of a compound of any one of claims 1 to 3, for preparing a 
medicament for treating, preventing or ameliorating erosive gastritis; erosive esophagitis; 
diarrhea; cerebral spasm; premature labor; spontaneous abortion, dysmenorrhea' ischemia, 
noxious agent-induced damage of necrosis of hepatic, pancreatic, renal, or myocardial tissue; 
liver parenchymal damage caused by hepatodxix agents; ischaemic renal failure; disease- 
induced hepatic damage; bile salt induced pancreatic or gastric damage; trauma- or stress- 
induced cell damage; or glycerol-induced renal failure. 
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